Summary: Thyrotropin, triiodothyronine, thyroxine and free thyroxine were determined in the sera of 714 euthyreotic neonates, infants, children and adolescents (age range 5 days to 18 years), using the IMx from Abbott Laboratories. Thyrotropin, triiodothyronine and free thyroxine were determined with microparticle enzyme immunoassays (MEIA). Thyroxine was determined with a fluorescence polarization immunoassay (FPIA). The proband collective was divided into 9 age groups, and each age group into males and females. In accordance with the recommendations of the International Federation of Clinical Chemistry, the 95% scatter range was taken as the reference range. In the different age groups, the ranges of some hormones showed significant differences between males and females. When no significant difference existed between the sexes, the results for males and females were evaluated statistically as a single group. Only a few reference groups showed normal Gaussian distributions. Therefore, in addition to the 50th percentile, the 2.5th and 97.5th percentiles were also calculated for all reference groups. Minimal and maximal values were also determined. The U-test of Mann & Whitiiey was used to test for significant differences between individual reference groups, and groups showing no significant differences were combined. The corresponding references ranges were then calculated.
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Materials and Methods
Thyrotropin, triiodothyronine, thyroxine and free thyroxine were determined in the sera of 714 healthy neonates, infants, children and adolescents in the age range 5 days to 18 years. The age composition of the proband collective is summarized in table 1. Individuals were included or excluded according to the exclusion criteria of Witt & Trendelenburg (6) , which permit the assembly of a reliable random reference sample at a justifiable expense. Only those neonates with a birth weight between 2500 and 4000 g and a full term gestation time between 37 and 40 weeks were admitted to the 5-day-old age group. Neonates with hyperbilirubinaemia were excluded, as well as those born to mothers with acute or chronic illnesses. All probands were free from any signs of hypo-or hyperthyreosis.
Tab. 1. Age structure of the proband collective for the determination of reference ranges for thyrotropin, triiodothyronine, thyroxine and free thyroxine in neonates, infants, children and adolescents with T 3 : < 0.5%
Quality control
For the determination of precision from day to day, standards of low, intermediate and high concentration (from Abbott and from Rolf Greiner Biochemica, Flacht) were included intermittently in each series. As a measure of the relative methodical error, the arithmetic mean (x), standard deviation (s) and the variation coefficient (CV) were calculated from the individual results of these control series. Precision is series was monitored once, using the control sera, Serodos and Serodos Plus, from Greiner. Again, the arithmetic mean (x), standard deviation (s) and the variation coefficient (CV) were calculated from the individual results.
Statistical evaluation of the results
The results were first presented as separate histograms for each age group and for each sex. Obvious outliers were eliminated. The type of distribution was determined with the KolmogorovSmirnov test. If the resulting probability error was below the stated value of α = 0.05, the distribution was assumed to be normal. If the distribution was not normal, the 2.5th, 50th and 97.5th percentiles were determined for that age group (7) .
Each age group was tested for a significant difference between the sexes, using the U-test of Mann & Whitney. In the absence of a significant sex difference, males and females were subsequently treated as a single group. The significance of differences "between age groups was also tested with the U-test of Mann & Whitney.
The degree of any linear relationsKip between age and the measured quantities was determined by calculation of the correlation coefficient^ r.
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Results

Thyrotropin
Thyrotropin was determined in the sera of 704 euthyreotic probands (359 boys, 345 girls). Figure 1 gives an overview of the results for all groups before they were tested for significance. Although 12 to 13-year old girls appear to constitute a special group, they were not significantly different from the 10 to 11-year old girls (p = 0.6379); they were therefore combined with the latter to form a single group. Similarly, other groups were combined, if they displayed no significant difference. For each group combination made in this way the median and the reference range for serum thyrotropin were recalculated; the results are summarized in table 3.
Triiodothyronine
Triiodothyronine was determined in the sera of 706 euthyreotic probands (363 boys, 343 girls). Figure 2 gives an overview of the results for all groups before they were tested for significance. Although no significant differences were found between the results for 5-day-old neonates, 14-15-year old girls and Ιο-ί 8-year old boys, these groups were treated separately.
The new groupings formed after testing for significance, together with their newly calculated median values and reference ranges are shown in table 4.
Thyroxine
Thyroxine was determined in the sera of 700 euthyreotic probands (357 boys, 343 girls). Figure 3 gives an overview of the results for all groups before they were tested for significance. New grouping formed after testing for significance, together with their newly calculated median values and reference ranges are shown in table 5. Free thyroxine
Free thyroxine was determined in the sera of 658 healthy probands (340 boys, 318 girls). Figure 4 gives an overview of the results for all groups before they were tested for significance. There were no significant sex differences in any age group. A weak, significant difference was found between age groups 7 and 8, but no significant differences were detectable between age groups 7 and 9, or between age groups 8 and 9. These three groups also displayed very similar median values and reference ranges; they were therefore combined, and the median value and reference range were recalculated. The new groupings formed after testing for significance are shown in table 6. table 1 ). 
Correlation analysis
Correlations with proband age were sought for the serum concentrations of thyrotropin, T 3 , T 4 and fT 4 .
The serum concentrations of all four hormones decreased significantly (p < 0.001) with the increasing age (in months) of the studied children: thyrotropin (r = -0.1989), triiodothyronine (r = -0.1259), thyroxine (r = -0.6540) and free thyroxine (r = -0.5999).
Quality control
Results of the quality control are shown in tables 7 and 8. With one exception, the variation coefficients within series and between series were less than 10%. 
Discussion
In addition to the anamnesis and the interpretation of clinical symptoms, the determination of hormone concentrations in serum is extremely important in the diagnosis of pathological endocrine conditions. To enable the correct evaluation of the serum concentration of a hormone, reference ranges must be established.
In the present study, reference ranges were determined for the serum concentrations of thyrotropin, triiodothyronine, thyroxine and free thyroxine, using the IMx from Abbott Laboratories. The analytical methods were microparticle enzyme immunoassays (MEIA) and a fluorescence polarization enzyme immunoassay (FPIA). Both methods produce rapid results, require only a small sample volume, and do not employ radioactive isotopes. Reference ranges for children, using these methods, have not been reported in the literature. In fact, for most modern immunometric assays, the majority of reported reference ranges are for adults. Due to the processes of child growth and development, however, clinical chemical quantities may differ in children and adults. Such differences must be taken into account in the evaluation of reference ranges.
In accordance with the recommendations of the International Federation of Clinical Chemistry, the 95% scatter range (i.e. the range between the 2.5th and 97.5th percentiles) was taken as the reference range (7).
Each of the four measured quantities in each of the nine age groups shown in used to test for significant differences between the serum hormone concentrations of different age groups. Age groups showing no significant differences with respect to a particular hormone, were generally combined, and the median value and percentiles recalculated for that hormone.
To facilitate comparison of the present results with those from the literature, the latter are presented in tables 9 to 12.
The reference ranges for the serum concentrations of thyrotropin, triiodothyronine, thyroxine and free thyroxine reported in the present study are not comparable with the normal ranges reported by other authors, which are shown in tables 9 to 12. This is because:
1) different methods were used;
2) the age groups were different; * The reference range was taken as the interval between (x -Is) and (x + 2s). Accordingly, the lower limit can be calculated to be 0.29 mU/1, but the original paper quotes a lower limit of 0.0 mU/l. * The reference range was taken as the interval between (x -Is) and (x + 2s).
The results of Klett, quoted in Sch nberg (13) , must also be evaluated critically, since a normal Gaussian distribution cannot be assumed for such a small number of probands, and it is therefore invalid to calculate the reference range as x ± 1 s.
The same criticism applies to the work of Borkenstein et al. (8), which was not primarily concerned with the establishment of reference ranges, but with the description of the normal course of the serum thyroliberin concentration in childhood. The concentrations given in tables 9, 10 and 11 are the basal values of the test. Although the authors stated that their distribution of concentrations displayed a skew to the right, they calculated the mean value and standard deviation for each group, then gave the normal range as the interval of (x -1 s) to (x + 2 s). Since they found no significant differences between the selected age groups, they combined all groups and quoted a common reference range for the age range 2 months ' to 14 years. In view of the small number of probands in each age group, the absencp of a normal distribution, and the F-test that was used, this method of preceding must be viewed critically. (8) *g/I)
Struckmeyer & Haid, 1986 RIA (9) feg/l)
. In the present study, we followed the recommendations for hypothyreosis screening put forward by the working group for paediatric endocrinology (13), i. e. that the serum thyrotropin concentration of neonates be determined on the fifth day of life. Table 9 shows the results of an earlier study (14) , in which the serum thyrotropin of 1712 healthy neonates was determined under the same conditions with the same test on the fifth day of life. The median value is somewhat lower than that reported in the present work, and the 95% scatter range is somewhat wider. According to the Mann & Whitney test, the slight difference between the two random samples is not significant (p = 0.095), with an error probability of α = 0.05. In cases of suspected congenital hypothyreosis, serum thyrotropin concentrations greater than 10 mU/1 should be checked by a control analysis on the following day.
The other authors mentioned in tables 9 to 12 investigated neonates both earlier and later than 5 days post partum. At the same time, they selected wide age intervals in these early years, during which relatively large age-dependent alterations in the concentration of this hormone are to be expected. .
With respect to the effect of age on the serum concentrations of all hormoneSj there is general agreement between the results reported in tables 9 to 12 and the present results.
In all the investigations, the serum thyrotropin concentration in neonates was markedly higher than in all other age groups. Thereafter, the serum thyrotropin concentration showed a tendency to decrease slightly with increasing age. This trend was also confirmed by a correlation analysis. An unequivocal age-dependent change in the serum concentration of triiodothyronine is not evident from the collected results of other authors, although there is a trend to lower values with increasing age. In the present study, serum triiodothyronine was significantly lower in neonates 5 days post partum than in infants and children. A correlation analysis including all age groups, however, showed a significant negative correlation between age and hormone concentration, i.e. the serum triodothyronine concentration decreased with increasing age.
With the exception of Borkenstein et al. (8) , all the other authors found age-related changes in serum thyroxine. An early marked decrease of serum thyroxine in neonates is followed by a further downward trend in children and adolescents. In the present study, this downward trend was confirmed by a correlation analysis between age and serum thyroxine concentration.
The results of other authors consistently show that serum concentrations of free thyroxine are markedly higher in neonates than in all other age groups. No further apparent age-dependent changes were noted with increasing age. In the present study, correlation analysis showed a significant negative correlation between age and free thyroxine, i.e. the serum concentration of free thyroxine decreased with increasing age. Statistically, this result is very probably influenced by the high concentrations of serum free thyroxine in neonates 5 days post partum. No significant sex differences were found in any age group. Table 13 shows the normal ranges for each hormone, as determined in the present study.
